The problem of slow shearing motion of liquid past a semi-infinite plane, which was first attempted by Dean [1] , is treated in a rather more straightforward manner, and a different type of solution is found. The stream-function is biharmonic and vanishes, together with its normal derivative, at all points of the fluid boundary Γ and must be such as to yield uniform shearing at a great distance from the boundary. It has not been found possible to satisfy all boundary conditions exactly, but a solution, involving an infinite number of arbitrary constants, is obtained which satisfies most of the necessary conditions. These arbitrary constants, here restricted to eight as a first approximation, are chosen to give the best possible result. Expressions for the stream-function and fluid pressure are obtained for specific regions, verifying known results including those for shear flow, for flow between parallel planes and for flow at a sharp corner. Finally, a plane elastic state analogy is pointed out. We shall here consider the slow two-dimensional flow of a viscous incompressible fluid bounded by the infinite plane AB, and the semiinfinite plane CD, as shown in Fig. 1 . The motion at great distances from the planes is that of uniform shearing, and between the planes is that due to a uniform pressure gradient. W. R. Dean [1] has considered a similar type of boundary, but with the flow between the planes at great distance from the origin being due to a constant pressure, so that the type of motion produced here is fundamentally different, as is the method used to solve the problem.
We have to find a stream function satisfying the biharmonic equation and giving zero velocities on the boundaries. We may take AB, CD to be respectively the stream lines Φ=0, ψ=l, and we must also have ---= 0 on AB, CD where denotes the normal derivative. dn dn That is to say, we seek solutions of (1) where (2 
πx=u -log r -1 , and so transforms the area in the upper half of the £-plane in Fig. 1 into the upper half of the w-plane as shown in Fig. 2 , the boundaries becoming the real axis of the w-plane. The boundary conditions require that equations (6) and (6.1) are satisfied, together with E=F=0. It has not been found possible to find functions such that all the boundary conditions are satisfied exactly. However, expressions are 330 G. POWER AND 1). L. SCOTT-ΠUTTON determined for U and V which will satisfy (6) and (6.1) exactly, and the arbitrary constants contained in them will be chosen so that E and F are as small as possible at all points of the boundary. Physically this means that in the fluid motion represented by the solution there will be a small velocity of slip along the boundaries, which can be made as small as desired. Let where (7) 
and so
We can thus write
In the same way we get
Subsituting these values in the expression for E, the velocity of slip along AB is
We shall chose the constants involved so that Z^O when p=±l, and then expand E in powers of p. Equating to zero the confidents of p°> p 1 , p ι , etc. we will thus obtain a set of simultaneous equations for the determination of the arbitrary constants. By this procedure E can be made as small as we please in the range -l^p<Il. When p=-1, we see that 0=0, and E=Hπ , so therefore (11) #=0 .
As p tends to 1, we see that β tends to -, and a can be taken to be Finally we obtain
We must have i^=0 when s=±l, and also F must be finite when s=0. When s=-l, and since this must vanish, (14) Z)=-2/τr.
As s tends to 1, /5 tends to 7r/2, and a may be taken to be log e (l~s) = Z as before, so that F approximates to
Using equations (11) and (14), we see that
Also we notice that F contains the term π (b ι -G) , and since F is 16s to be finite when s=0, we must have
Adding equations (12) and (15) 
As a first approximation, we will restrict the infinite series to four terms each. We will expand these results for E and F in powers of p and s, equate to zero the coefficients of p\ p\ p 3 , and s°, s The coefficients α, and 6, will be found in terms of 5 by considering the conditions for ψ when \w\ is large. 5 will be chosen so that E and F are small at all points of the boundary. When w is large, we have the following expansions:- With these values of a n , b n , n = l, 2, 3, 4 the velocities of slip at different points on the boundary are calculated in terms of B. Using the method of least squares, the mean value of B is -0.52, and the velocities of slip are shown in Table 2 .
The values of E and F are small, and can be made still smaller if more than four terms are included in the series for U 2 and y 2 .
It will be noticed that F is exactly zero at the sharp edge C where s = 0. The values of the coefficients are given in Table 3 , The motion between the barriers at a great distance from 0 is considered next, that is to say the motion in the region ^=0.
When \w\ is small, we have the following expansions log log w 4-log 2 + O(
Also when \w\ is small, the transformation (4) may be taken as πz= -log IV 4-iπ -1 , which gives To order C on putting t=-^log e 2, we obtain Subsituting the values previously obtained for C 2 , C 3 , we find that the error is only 0.0003. We also find that ψ=l when #' = 144° 18' and this gives the angle at which the stream line ψ=l leaves the barrier.
The pressure v is given by the equations of motion We will now calculate the pressure along the curve ^=0, which inside the channel approximates to the central line. 
14-2p
Similarly we have
Again we see that 
An arbitrary constant could be added to this expression, but as the formula stands p is zero when \w\ is large, and so it denotes the excess of pressure at any point above that at a distant point outside the channel. It can now be verified that at a distance from 0 outside the barriers, the pressure is approximately a linear function of x.
We have the exact relation between z and p It has been shown that in this region ψ=3y*-2y 3 , and it can be seen that 12// is indeed the pressure gradient required to maintain the motion given by this stream function in an infinite channel. This fact provides a check on the calculated value for p for large x. Figure 3 shows the graph of p\μ potted against x 9 as calculated from formula (34), with ra=4.
It has been assumed in our work that the distance between the barriers is unity, and that if is the stream function of the undisturbed motion, giving 2 as the undisturbed velocity at a unit distance from the infinite boundary. If the distance between the barriers is α, and q is the undisturbed velocity at a distance a from the infinite boundary, then we have to apply a factor g/2α to our results. Since the equations of slow steady flow of a viscous incompressible fluid are the same as those of an equilibrium state of an incompressible elastic solid, the previous results can be immediately used for the solution to a certain two-dimensional elastic problem, if one simply replaces velocity and coefficient of viscosity by displacement and shear modulus. In the fluid problem there is ideally no velocity along the boundaries, so that in the corresponding elastic problem the boundaries could be free from tractions. A method of obtaining solutions to a large number of two-dimensional viscous flow problems from known elastic fields has been discussed by Goodier [2] , who pointed out that an elastic stressfunction, being biharmonic, could be regarded as the stream-function of a viscous flow, and that the boundary conditions on the elastic stresses could be related to those on the fluid velocity.
